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Native goat breeds in Serbia has been recognized as an important element of regional
agrobiodiversity and play an important role in the safeguarding of cultural and traditional
heritage. The aim of this study was to identify the main welfare issues likely to be
encountered in extensive goat farming systems with an emphasis on parasitological
infections. The study was conducted during the winter season on four small farms of
native Balkan and Serbian white goats. For welfare assessment, animal-based indicators
from AWIN protocol for goats were used. All fecal samples for parasites were qualitatively
and quantitatively examined. The main welfare issues identified were poor hair coat
condition (62.79%), dirty and light soiling hindquarters (31.40%), thin body condition
score (26.74%), abscesses (19.78%), and udder asymmetry (18.60%). In addition, an
important and prevalent welfare problem identified across all farms was parasite infection
and weak significant (p < 0.001) correlation between certain parasites (Strongylidae,
Moniezia spp., Buxtonella sulcate, and Protostrongylidae) and welfare indicators such
as poor hair coat condition and nasal discharge. The results of this study provided the
first overview and valuable insight into the impact of extensive systems on the welfare of
native goats in the Balcan region.
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INTRODUCTION
In Serbia, at present, there is very little information as to the welfare of goats. Before the Second
World War, in the Republic of Serbia, goat breeding had a significant place and was mostly
represented as an extensive production, in the hilly, mountainous area (1). With the adoption of
the Law on the Prohibition of Goat Breeding in 1954 (2), goat farming has become forbidden,
which negatively influenced the overall size of the goat population in Serbia, as well as the presence
of native goat breeds (1). The goat farming sector in Serbia has been rapidly developing during the
last decades. Currently, in Serbia, there are 180,000 breeding goats (3). According to the Institute
for Animal Husbandry’s annual report, only 13 smallholder farms with a total of 429 native goat
breeds are registered in Serbia today.
Native goat breeds in Serbia represent valuable and irreplaceable genetic resources and play an
important role in the safeguarding of cultural and traditional heritage (1). There are two local goat
breeds currently raised in Central and Eastern Serbia, Balkan goat and Serbian white goat, with
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Balkan goat being the native breed and Serbian white basically
being improved Balkan by crossing with Saanen bucks aimed at
improving milk yield (1). Both of these breeds are very endurable
that is easily adapted to modest conditions of care, housing, and
nutrition, usually raised extensively in hilly, mountainous regions
(1) and only during the winter season when there is provision
of supplementary feeds at home in addition to grazing, then the
production system is considered as semi-extensive.
Both breeds are used for combined production of both
milk and meat, but for Balkan goat, the meat is the most
important product (4), while Serbian white goat has higher milk
production (1).
Extensive management systems allow animals to behave in a
more natural way and express natural behaviors such as grazing,
exploration, or exercise, which may be beneficial for their health
(5, 6). These characteristics of extensive systems fit with one of
the three conceptual frameworks used to assess animal welfare,
“natural living,” and also has clear links to similar concepts in the
“five freedoms”—freedom to express normal behaviors and the
“five domains”—behavioral or interactive restriction (7, 8).While
the welfare of goats is largely positive when assessed according to
natural living (e.g., providing animals with opportunities to play,
make their own decisions, or to have positive social relationships)
in extensive system may face a range of compromises to their
well-being, but principally, these relate to nutritional stress,
inadequate water supply, climatic extremes, parasitical diseases,
lameness, and inappropriate managing (5, 9). Grazing goats are
therefore exposed to a huge diversity of parasites since natural
pastures are the main source of internal and external parasites
(10). These parasites impact greatly on animal health, welfare,
and productivity such as a considerable decline in weight gain,
milk yield, and hair coat condition (10).
This paper aims to present the first outcomes of data collected
in a sample of extensively reared native Balkan and Serbian white
FIGURE 1 | Serbian white (A) and Balkan goat (B).
goat according to the AWIN protocol, and parasite data, as well
as to identify the welfare problems that affect these animals.
MATERIALS AND METHODS
Farms and Management
The study was conducted in January 2021, on four small
farms of native Balkan and Serbian white goat (Figures 1A,B).
In Table 1, characterizations of the farms are shown. Farms
are located in the hilly, mountainous regions of Central and
Eastern Serbia (Figure 2). Serbia is a continental country in










to the Pannonian Plain in the north, it is a part of Central
Europe. Geographically and climatically, its southern part is
a Mediterranean country. The Serbian climate is between a
continental climate in the north, with cold dry winters, and
warm, humid summers with well-distributed rainfall patterns,
and a more Mediterranean climate in the south with hot, dry
summers and autumns and average relatively cool and rainier
winters with heavy mountain snowfall. January is the coldest
month of the year in Serbia as the winter brings snow, heavy
frost, and dense fog in many parts of the country. According to
the Republic Hydrometeorological Service of Serbia, the average
monthly air temperature for the period in January 2021 was
in the range of from −0.7◦C to 4.3◦C (in mountain regions
−5.2◦C) with a total of 75–150mm precipitation in Central and
Eastern Serbia.
Animals from these areas were maintained under extensive
management systems, where they foraged all day round in a
fenced paddock during the day with minimum supplementation
in the winter season (1 kg of a prepared meal of forage legumes+
maize per animal). Water is provided from a natural spring, and
shelter is provided by trees, shrubs, other vegetation, and artificial
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TABLE 1 | Characteristics of the examined farms.
Characteristics Farms
I II III IV
Goat status Lactating Lactating Lactating Non-lactating
Goat breed Serbian white Serbian white Balkan Balkan
Total goats/farm 15 36 10 60
Number of male breeder goat 1 1 1 1
Number of adult
goats on farm
14 30 7 51
Number of evaluated
goats (aged 2–10 years)
14 25 7 40
Number of pens 1 1 1 1
Pen dimension (m2 ) 40 98 12 90
Stocking density (m2/animal) 2.67 2.72 1.2 1.5
Bedding Clean/dirty, wet Clean Clean Dirty and wet Clean
Sufficient/insufficient Sufficient Sufficient Insufficient Insufficient
Type of water places Bucket Bucket Bucket Natural spring
Cleanness of water places Clean Clean Dirty Clean
Deworming in spring and autumn Albendazole Neositol (levamisole hydrochloride), Albendazole No use
ivermectin
structures. During the winter season at night and the varying
climatic extremes, goats are penned. In these areas, farmers use
veterinary service (farm II), weak use (farm I and III), and do
not use (farm IV) with goats not treated/dewormed (Table 1).
An initial preventive planned deworming of animals against
intestinal parasites was performed twice a year in spring and
autumn (farms I, II, and IV).
Animals and Welfare Assessment
Since there was no specific protocol for extensively managed
goats, the authors used animal-based indicators from AWIN
welfare assessment protocol for sheep and goats (11) such as
body condition score (BSC), hindquarters cleanness (12), hair
coat condition, severe lameness, abscesses, udder asymmetry,
oblivion, ocular and nasal discharge, latency to the first
contact test and resource-based indicators such as bedding
(sufficient/insufficient and clean/dirty, wet) and type and
cleanness of water places. These indicators were selected
because they address the main welfare concerns for goats,
covering freedom from hunger, pain, injury, or disease.
The assessment of the goats was conducted between 9 and
16 h by two assessors who were trained to use AWIN
welfare protocol for sheep and goats. Welfare indicators
are awarded with a score of 0 when welfare is good, a
score of 1 is awarded when welfare has been poor and
unacceptable, and a score of −1 is only awarded when the goat
is thin.
The total number of goats on the farms was 131
(Table 1). We observed only adult goats aged 2–10 years,
and a number of animals for assessment were selected
(Table 1) according to the total number of animals on each
farm (11).
Parasitological Examinations
In February 2021, parasitological examinations were performed
at the Department of Parasitology, University of Belgrade
Faculty of Veterinary Medicine, on fecal samples of native
Balkan goat and Serbian white goat from four small farms.
Coprological testing included both macroscopic andmicroscopic
examinations of samples. Individual samples were collected from
the same housing unit, regarding housing systems.
Sample Collections
The parasitological examination included the collection of goat
feces, in the form of individual samples, which were put in
PVC bags, and all the necessary information was labeled. Feces
were sampled immediately after defecation. In order to avoid
contamination of samples with pseudoplastic particles of plant
and animal origin from the litter and the ground, sampling was
performed from the upper segments of the excreted feces. The
samples were stored in a handheld refrigerator at a temperature
of +4◦C and transported to the Parasitology Laboratory, where
coprological diagnostics was performed within 24 h.
Macroscopic Examination
In the macroscopic examination, the formation, consistency,
color, and odor of fecal samples were investigated. Any deviations
in these parameters from the typical physiological characteristics
of the feces of the goats were noted. The presence of impurities
such as blood, pus, mucus, or undigested food was recorded
as potential markers of certain pathological conditions of the
gastrointestinal tract. Thereafter, the feces was carefully examined
using tweezers, and any adult helminths and their parts were
transferred to a Petri dish, rinsed in saline, and prepared for
further analysis (13).
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FIGURE 2 | Geographic position of farms included in the survey.
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Nenadović et al. Welfare of Extensively Managed Goats
Microscopic Examination
Preparations for microscopic diagnostics were made by
qualitative methods without concentration and with a
concentration of parasitic elements.
Fecal Examination by Qualitative Method
Coprological examination was performed by qualitative methods
without (Vajda method) and with a concentration of parasitic
elements—flotation and sedimentation techniques (14).
Fecal Examination by Quantitative Method
Quantification of the obtained results was performed by the
McMaster method (15), with a sensitivity of 50 eggs/oocysts
per gram of feces to determine the helminth eggs/coccidia
oocyst/ciliate cysts per gram outputs (16).
A saturated aqueous NaCl solution (>97%; Roth, Karlsruhe,
Germany) was used to perform conventional flotation methods,
which was prepared by mixing 210 g of NaCl with 1,000ml of
distilled water (specific gravity 1,200). The preparations made
were observed under 100 magnifications for morphological
identification of gastrointestinal (GI) parasitic eggs/oocysts/cysts,
according to Soulsby (17).
Pulmonary strongylids were identified, based on the
morphological characteristics of the first-stage larvae.
During the identification of the larvae, the presence of
Dictyocaulus filaria was confirmed by the finding of the first-
stage larvae with an anterior protoplasmic knob and black
granular intestinal inclusions in the feces (18). The larvae of
Protostrongylides are differentiated by their characteristic feature
at the tip of their tail (19).
Statistical Analysis
Data were analyzed using GraphPad Prism software. Results
were described by descriptive statistics (mean value and standard
error) and as prevalence (the overall number of goats showing
the measure regardless of severity). The distribution of the
welfare indicators was tested by the Kolmogorov–Smirnov
distribution fitting test, which showed a not normal distribution.
The differences between welfare indicators were analyzed using
the non-parametric Kruskal–Wallis test on the equality of
the medians, adjusted for ties. When significant differences
were found, Dunn–Bonferroni post-hoc test was performed. For
animal-based parameters and different endoparasite infection
and coinfections, the prevalence was calculated on a total number
of goats, and the significant difference was determined by the
Chi-square test.
Relationships between the different welfare indicators and
endoparasites were examined by Spearman’s rank correlation.
For all correlation analyses, the absolute value of the Spearman’s
correlation coefficients assessed whether very weak (0.0 ≤
|rho| <0.2), weak (0.2 ≤ |rho| <0.4), moderate (0.4 ≤
|rho| <0.6), strong (0.6 ≤ |rho| < 0.8), or very strong
(0.8 ≤ |rho| ≤1.0) relationships existed as described by




Based on the results, significant differences (p < 0.05, p < 0.001)
were observed at body condition score (thin and fat goats), hair
coat condition, nasal discharge, severe lameness, and hindquarter
cleanness between goats from different farms (Table 2). Themost
poor and unacceptable welfare indicators in goats were hair
coat condition (62.79%, 54/86) with an average score of 0.63
± 0.03, hindquarter cleanness (31.40%, 27/86, 0.31 ± 0.05), tin
BCS (26.74%, 23/86, 0.41 ± 0.07), abscesses (19.78%, 17/86, 0.20
± 0.04), and udder asymmetry (18.60%, 16/86, 0.19 ± 0.04)
(Tables 2, 3).
The average score of dirty hair in farm III (0.86 ± 0.14)
and farm IV (0.40 ± 0.08) was significantly higher (p < 0.001)
compared with farm II (Table 3).
Parasitological Examinations
In the examined feces of goats from four farms, nine
endoparasites were identified in the form of coinfections—
protozoa (Coccidia and Buxtonella sulcata), nematodes
(Strongylidae, Trichuris ovis, Capillaria spp.,Dictyocaulus filaria,
and Protostrongylidae), cestodes (Moniezia spp.), and trematodes
Dicrocoelium lanceolatum with a total prevalence of 100%
(86/86) (Table 4). The most prevalent endoparasites in all farms
observed was Coccidia (95.35%, 82/86) followed by Strongylidae
(90.70%, 78/86) and Protostrongylidae (86.04%, 74/86).
In farm I, the most prevalent coinfections were T. ovis–
Moniezia spp.–Coccidia–Protostrongylidae and Strongylidae–T.
ovis–Moniezia spp.–Coccidia–B. sulcata with prevalence of
21.42% (3/14). Polyparasitism of Strongylidae–Coccidia–
Protostrongylidae dominated in farm II (48%−12/25) and farm
IV (40%−14/40), while on farm III prevailing coinfections
were Strongylidae–T. ovis–Moniezia spp.–Protostrongylidae
(28.57%−2/7) (Table 5). A significant difference (p < 0.05; p
< 0.001) between four farms of extensively managed native
goat breed was established in the prevalence of all coinfections
except in quadruple infections of Strongylidae–Moniezia
spp.–Coccidia–Protostrongylidae (Table 5).
In most fecal samples of goats, we detected a low degree
of infection (<50–500 opg/epg) with coccidia, strongylidae,
anoplocephalidae, and T. ovis (farms I, II, and III), coccidia and
strongylidae (farm II), and Capillaria spp. (farm IV) (Table 6).
Medium degree of infection (550–1,500 opg/epg) with coccidia
was found in farm I (875± 25 opg), farm II (1,000± 22.60 opg),
and farm III (733.3 ± 109.3 opg). The high degree of infection
(>1,500 opg/epg) was with coccidian and was detected only in
farm II (1,975± 141.70 opg) (Table 6).
Correlations Between Welfare Indicators
and Endoparasites
Table 7 shows the significant correlations observed between the
different welfare indicators and different endoparasites. There
was a weak significant positive correlation between BCS and hair
coat condition (rho = 0.28, p < 0.001) and a moderate positive
correlation between bedding cleanness and dirty and light soiling
hindquarters (rho = 0.35, p < 0.001) and bedding cleanness
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n % n % n % n % N %
Body condition Thin 8 57.14 7 28 2 28.57 6 15 23 26.74 8.32 0.03*
score (BCS) Adequate 6 42.86 18 72 5 71.43 28 70 57 66.28 4.13 0.25
Fat 0 0 0 0 0 0 6 15 6 15 7.42 0.05*
Hair coat condition 13 92.85 12 48 5 71.43 24 60 54 62.79 8.12 0.04*
Severe lameness 0 0 0 0 2 28.57 0 0 2 2.33 23.10 0.00***
Abscesses 5 35.71 3 12 1 14.29 8 20 17 19.78 3.33 0.34
Hindquarters cleanness 5 35.71 0 0 6 85.71 16 40 27 31.40 22.53 0.00***
Udder asymmetry 3 21.43 3 12 1 14.29 9 22.5 16 18.60 1.28 0.73
Nasal discharge 3 21.43 2 8 0 0 1 2.5 6 6.98 7.16 0.09
Ocular discharge 0 0 0 0 0 0 0 0 0 0 / /
Oblivion 1 7.14 0 0 1 14.29 0 0 2 2.33 7.39 0.06
N, total number of samples; n, number of positive samples. ***p < 0.001; *p < 0.05.
TABLE 3 | Mean (±SEM) scores for animal-based welfare parameters in goats examined in four farms in Serbia.
Animal-based indicators Farms
I II III IV Total for all farms p
Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM
Body condition score (BCS) 0.57 ± 0.14 0.28 ± 0.09 0.29 ± 0.18 0.45 ± 0.12 0.41 ± 0.07 0.55
Hair coat condition 0.93 ± 0.07 0.48 ± 0.06 0.71 ± 0.18 0.60 ± 0.08 0.63 ± 0.03 0.13
Severe lameness 0 0 0.29 ± 0.18 0 0.02 ± 0.02 0.67
Abscesses 0.36 ± 0.13 0.12 ± 0.07 0.14 ± 0.14 0.20 ± 0.06 0.20 ± 0.04 0.66
Hindquarters cleanness 0.36 ± 0.13 0AB 0.86 ± 0.14A 0.40 ± 0.08B 0.31 ± 0.05 0.00***
Udder asymmetry 0.21 ± 0.11 0.12 ± 0.07 0.14 ± 0.14 0.23 ± 0.07 0.19 ± 0.04 0.90
Nasal discharge 0.21 ± 0.11 0.08 ± 0.06 0 0.03 ± 0.02 0.06 ± 0.03 0.10
Ocular discharge 0 0 0 0 0 0
Oblivion 0.07 ± 0.07 0 0.14 ± 0.14 0 0.02 ± 0.02 0.92
***p <0.001; A,Bp < 0.001.
and severe lameness (rho = 0.51, p < 0.001). Likewise, a weak
significant correlation between strongylids, anoplocephalids,
Buxtonella sulcata, and hair coat condition (rho= 0.23, r= 0.21,
rho = 0.25, respectively, p < 0.05) were observed (Table 7), and
week significant negative correlation between protostrongilids
and nasal discharge (rho=−0.28, p < 0.001).
DISCUSSION
Although we examined four farms and 86 extensively managed
native goat breed in total, this study constitutes the first
evaluation of the welfare of goats conducted in Serbia. The
findings of this study are a sound basis for future research,
providing valuable insight into the main welfare issues regarding
extensive goat farming. Poor hair coat condition (62.79%), dirty
and light soiling hindquarters (31.40%), thin BCS (26.74%),
abscesses (19.78), and udder asymmetry (18.60%) showed high
prevalence and should, therefore, be considered as major
welfare problems.
In the present study, we observed a total of 66.28% of the
goats were in adequate BCS, but the presence of the 26.74 and
15% thin and fat goats represent factors affecting welfare in those
animals. These results can be ascribed to the fact that in extensive
systems, goats due to seasonal variation and not timely grazing
sometimes cope with long periods of grazing the forage with
high fiber contents and low energy, and suffer chronic hunger
(6). Even the food supplementation was provided by all farmers
from the study; problems with inadequate body condition scores
occurred. An additional problem with supplementation is that
we can connect that some animals may be reluctant to eat the
supplements if they are not accustomed to them, or there might
be existing competition between animals (6). The importance
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n % n % n % n % n %
S 9 64.29
(39.19–89.39)




78 90.70 9.41 ***
T 10 71.43
(47.77–95.09)




29 33.72 23.6 ***
M 10 71.43
(47.77–95.09)




32 37.21 29.01 ***




82 95.35 53.31 ***
C1 0 0 0 0 0 0 6 15
(3.93–26.07)





0 0 9 22.50
(9.56–35.44)
15 17.44 2.32 0.50
BS 7 50
(23.81–76.19)









74 86.04 10.65 ***
D1 0 0 8 32 0 0 0 0 8 9.30 21.52 ***
N, total number of samples; n, number of positive samples; S, Strongylidae; C, Coccidia; T, Trichuris ovis; M, Moniezia spp.; C1, Capillaria spp.; D, Dicrocoelium lanceolatum; D1,
Dictyocaulus filarial; B, Buxtonella sulcata; P, Protostrongylidae. ***p < 0.001; *p < 0.05.
of dietary supplementation, especially protein supplementation,
showed in numerous studies on resistance and resilience of
sheep and goats to GI parasite infections, has been recently
confirmed in a few studies (21, 22). According to Hoste et al.
(23), GI parasitic infection is often equated to a nutritional
disease because of the major negative impacts on total tract
digestibility, diet intake, and the reorientation of nutrient use for
the maintenance of tissue homeostasis. Ghosh et al. (24) reported
that the nutritional status of goats is influenced by a number
of factors such as feeding strategy and management, health
(parasites, wasting disease, and viral or bacterial and metabolic
diseases), age, social hierarchy, and goat status.
Among the etiological agents that affect the poor health
status of goats, parasites are usually neglected, although they
can lead to colossal morbidity and mortality of goats, which
results in significant economic losses (25–27). In our study,
the overall prevalence of endoparasites in goats from four
farms was 100% and might represent a factor that affects body
condition score. Although in our study we did not find that
BCS and endoparasites correlated, according to many authors
(28–33), endoparasites cause several subclinical effects such as
hyperproteinemia, growth depression, reduction in milk yield,
loss of appetite, and digestive inefficiency. Parasite infection
negatively affects hosts by consuming host resources and directly
damaging host tissues or indirectly by stimulating costly immune
responses and by changing host movement, foraging, or social
behaviors (34–36).
Polyparasitism in our study might be due to goat grazing
activities on contaminated pastures, poor sanitation and
management in farm III, unsystematic and inadequate
deworming, or not treating in farm IV (Table 1).
We noted that the overall prevalence of coccidian oocysts
in goats was 95.35%. Our results are similar to those
reported in China−87.9% (37), Czech Republic−92.2% (38),
Portugal−100% (39), and Slovakia−100% (40). The high
prevalence of coccidian oocysts in studied animals might be
linked with the poor hair coat condition since coccidia can invade
and destroy intestinal cells of the hosts, and electrolyte loss
exacerbates mineral deficiencies, and there is poor absorption of
nutrients, and affected goats can show a rough hair coat, poor
weight gain, and weakness (37, 41).
The current finding showed that 100% of the studied animals
were positive with GI parasitic infection, predominated by
coccidian oocysts and strongyloides eggs (90.70%) with a low
degree of infections. These data indicates that all diagnosed
endoparasitosis in extensively managed goats are mostly present
in the subclinical form. As a consequence, infective agents mainly
cause indirect economic damage to the extensively managed
goat production and significantly affect the welfare of goats.
Polyparasitism was found in all goats, which can compromise
the immune system of the host increasing their susceptibility
to other diseases or parasites (42). Similar surveys of parasites
on goat farms have been conducted in other European and
Asian countries. Eggs from one or more species of GI parasites
were identified in 100% goats in Turkey (43), 95.90% in
Slovakia (44), 87.95% in Nepal (45), and 96% in Northern
Italy (46).
Another parasite, Capillaria spp. was currently reported to be
a prevalence rate (6.98%) that was higher than reported in Italy
(46), Nepal (45), Bangladesh (47), and Thailand (48) (lower than
2%). Capillaria spp. is critical in goats and shares a wide range of
herbivores including man (49).
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TABLE 5 | Prevalence of coinfection parasite infections in goats examined in four farms in Serbia.
Coinfections Farms
I (N = 14) II (N = 25) III (N = 7) IV (N = 40) Total (N = 86) χ2 p
n % n % n % n % n %
Double infections
SC 0 0 5 20
(4.32–35.68)
0 0 0 0 5 20 12.95 ***
MC 0 0 0 0 1 14.29
(0–40.22)









0 0 14 35
(20.21–49.78)
28 32.56 8.33 *
MCP 0 0 0 0 1 14.29
(0–40.22)




0 0 0 0 0 0 3 3.49 15.98 ***
SMCP 2 14.29
(0–32.62)




13 15.12 7.51 0.06
SCPD1 0 0 4 16
(1.63–30.37)
0 0 0 0 4 4.65 10.24 *
STMP 0 0 0 0 2 28.57
(0–62.04)
0 0 2 2.33 23.10 ***
STCP 0 0 0 0 1 14.29
(0–40.22)




0 0 0 0 0 0 3 3.49 15.98 ***
STMCP 0 0 0 0 1 14.29
(0–40.22)
0 0 1 1.16 11.42 ***
SCDPD1 0 0 4 16
(1.63–30.37)
0 0 0 0 4 4.65 10.24 *
STCDP 0 0 0 0 0 0 9 22.5
(9.56–34.44)
9 10.47 11.56 ***
Six-fold infections
STMCC1P 0 0 0 0 0 0 7 17.5
(6.72–29.28)




0 0 0 0 0 0 2 2.33 10.53 *
Total 14 100 25 100 7 100 40 100 86 100
N, total number of samples; n, number of positive samples; S, Strongylidae; C, Coccidia; T, Trichuris ovis; M, Moniezia spp.; C1, Capillaria spp.; D, Dicrocoelium lanceolatum; D1,
Dictyocaulus filarial; B, Buxtonella sulcata; P, –Protostrongylidae.
***p < 0.001; *p < 0.05.
The current study identified the overall prevalence of 37.21%
(Moniezia spp.), 33.72% (T. ovis), 17.44% (D. lanceolatum), and
8.14% (B. sulcata), significantly higher than those reported by
other researchers (44, 46), and in agreement with results from
Nepal (45).
According to authors from Ethiopia (50) and West Africa
(51), the prevalence of moniesiosis in sheep is significantly
higher compared with goats and more susceptible to parasite
infection (52). Infection of Moniezia spp. in small ruminants
was reported to cause severe pathogenic effects, viz. disturbance
of gastrointestinal motility, secretion, diarrhea, and anemia
along with reduced slaughter yield, increased water content, and
reduction in protein and fat (53).
Dicrocoelium spp. hepatic infection is responsible for direct
losses in sheep and goat production due to the discarding of
parasitized livers and indirect losses through costs associated
with anthelmintic treatments (53). It has been reported in
Italy (54), Iran (55), India (56), Nepal (57), Malaysia (58), and
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TABLE 6 | Quantitative assessment of fecal samples in in goats examined on four farms in Serbia.
Farms Degree of infection
(quantitative FEC method)
Endoparasites
Coccidia Strongylidae Moniezia spp. Trichuris ovis Capillaria spp.
I N 14 9 10 10 0
Low n 12 9 10 10 0
% 85.71 100 100 100 0
Mean ± SEM 387.5 ± 28.29 106.3 ± 14.75 80 ± 15.28 53.33 ± 3.33 0
Medium n 2 0 0 0 0
% 14.29 0 0 0 0
Mean ± SEM 875 ± 25 0 0 0 0
II N 25 25 0 0 0
Low n 11 25 0 0 0
% 44 100 0 0 0
Mean ± SEM 213.6 ± 7.04 28.60 ± 2.48 0 0 0
Medium n 6 0 0 0 0
% 24 0 0 0 0
Mean ± SEM 1,000 ± 22.60 0 0 0 0
High n 8 0 0 0 0
% 32 0 0 0 0
Mean ± SEM 1,975 ± 141.70 0 0 0 0
III N 5 5 6 4 0
Low n 3 5 6 4 0
% 60 100 100 100 0
Mean ± SEM 225 ± 62.92 155 ± 66.22 51.25 ± 1.25 37.50 ± 5.12 0
Medium N 2 0 0 0 0
% 40 0 0 0 0
Mean ± SEM 733.3 ± 109.3 0 0 0 0
IV N 40 40 16 15 6
Low n 40 40 16 15 6
% 100 100 100 100 100
Mean ± SEM 175 ± 16.11 152.6 ± 16.02 50.31 ± 0.31 37 ± 3.90 52.50 ± 2.50
Total N (%) 84 (97.67) 79 (91.86) 32 (37.21) 29 (33.72) 6 (6.98)
Low: <50–500 opg/epg; medium: 550–1,500 opg/epg; high: >1,500 opg/epg (opg/epg, number of oocysts/eggs calculated per 1 g of feces); N, total number of samples; n, number
of positive samples.
Nigeria (59). According to Sharma et al. (53), dicrocoeliosis
remained little known and underestimated since those infected
are asymptomatic and masked by the presence of pathological
effects of multiple parasitic infections in ruminants.
The current finding showed that lungworms, protostrongylide
infection predominated (87.21%), which is in agreement with
the results from Morocco (60), but differs from Ethiopia −13.4–
53.6% (61). The finding of D. filaria (9.30%) is in agreement
with those recorded by Paran et al. (62) who diagnosed
the prevalence at 8.9%. In our study, we found six goats
(6.98%) with nasal discharge and significant correlations with
protostrongylidae. These results can be ascribed to the fact that
the most common clinical sign of lungworms in sheep and goats
are pyrexia, coughing, rapid shallow breathing, nasal discharge,
and emaciation with retarded growth (63). Lungworm infections
in goats are of considerable economic importance. The parasites
cause chronic production losses as a result of reduced food
conversion ratio (FCR) and weight gain (62). The variation and
differences in the prevalence of lungworms of small ruminants in
different areas might be associated with differences in nutritional
status, level of immunity, management practice of the animal,
rainfall, humidity, temperature, altitude differences (64), and
season of examination on their respective study area (65).
Poor hair coat condition was found at a prevalence of around
62.79% (54/86) in all farms. This result is not in agreement with
those recorded by Can et al. (66) who found that 20–25% of the
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BCS Hair coat condition 0.28 0.00***
Bedding cleanness Hindquarter cleanness 0.35 0.00***
Bedding cleanness Severe lameness 0.51 0.00***
Endoparasites vs. welfare indicators
Strongylidae Hair coat condition −0.23 0.03*
Moniezia spp. Hair coat condition 0.24 0.05*
Buxtonella sulcata Hair coat condition 0.25 0.02*
Protostrongylidae Nasal discharge −0.28 0.00***
***p < 0.001; *p < 0.05.
observed animals showed inadequate poor hair coat condition in
intensive dairy goat farms. The available literature suggests that
different factors may affect hair coat conditions in goats such
as mineral deficiencies (41), lower BCS (67), and ectoparasite
infestation (68). According to Battini et al. (67), this indicator can
reflect a goat’s nutritional and health status. In the present study,
we found that BCS and certain endoparasites (Strongylidae,
Moniezia spp. and Buxtonella sulcata) correlate weak with hair
coat conditions. The finding was not in agreement with the
report made by Battini et al. (67), who found no effect of GI
parasitic infestation on hair coat condition due to low level of
infestation and the no access to pasture that represents one of
the main risk factors for gastrointestinal parasite infections (69).
These results suggest that parasites are certainly one cause for
a poor hair coat condition, although we cannot exclude that
other factors may affect this indicator, such as cold temperatures
during the winter season. Exposure to hot or cold environments
can also be a welfare problem for extensive livestock (70, 71).
In cold winters, energy requirements for maintenance are 20%
greater (72). A study performed by Battini et al. (67) proved
that goats with a rough hair coat were in a significantly poorer
nutritional condition and health status compared with goats
with a normal hair coat. These indicate that cold weather
could indirectly affect poor hair coat conditions in goats with
nutritional deficiencies. The previous study (73) have shown that
prolonged exposure of goat to naturally occurring or artificially
induced cold environments mobilized fatty acids together with
the increased blood glucose, which could have been used in
muscles for heat production.
In the present study, we noted dirty and light soiling
hindquarters in 31.40% of the studied goats. This result is in
agreement with those recorded by Can et al. (66) who found
dirty hindquarter prevalence of 27.1%. The result from this study
is highly related to immediate environmental conditions, stock
attitudes of people, and care for animals (74). According to Bøe
et al. (75), the most important characteristics of pen flooring for
farm animals are considered to be thermal conductivity, softness,
cleanliness, and slipperiness. Even if this welfare indicator was
not included in the AWIN welfare protocol for goats (11),
dirty hindquarters may reflect animal discomfort that affects
the welfare of goats. Based on the results of Bøe et al. (75),
the cleanliness of the floor influences animal preferences among
others, while softness did not appear to be an important
flooring characteristic for the goats. In this study, bedding
and hindquarter cleanness were correlated. Also, the dirtiest
hindquarters in goats were observed in farm III (85.71%)
compared with other studied farms, reflecting poor management
and cleaning routines (Table 1). These findings are unsurprising,
as a range of factors, such as housing design and bedding type,
affects the cleanliness of goats.
Damp and dirty environments lead to the spread of specific
bacteria, which cause painful health problems such as lameness
(76). In this study, bedding cleanness and severe lameness
were correlated. Generally, the prevalence of obviously severe
lameness in goats was very low (only two in farm III, 2.33%)
which is in line with the studies of Anzuino et al. (77), Muri et al.
(78), and Can et al. (66), which reported lameness prevalence of
3, 1.7, and 2.1%, respectively. Since lameness is a major welfare
concern as it is a painful condition, it is important to identify and
treat it (79).
The present study also describes the overall prevalence
of abscesses (19.78%) and udder asymmetry (18.60%). The
occurrence of external abscesses in the body is closely associated
with caseous lymphadenitis in small ruminants (80), which
is recognized as an endemic disease in many countries (81).
According to Mattiello et al. (82), external abscesses may
influence the health condition of the animals and behavioral
changes. Udder asymmetry is a sign of chronic alteration that
remains even after an udder has recovered from infection or
injury (83).
The human–animal relationship represents the mutual
perception of stockman and animals and is essential for good
animal welfare (84). In the present study, the latency period
to the first contact between goat and assessor was good on
all studied farms. Regarding the studied animals, extensively
managed sheep showed fear in relation to the first contact with
assessors (85). According to Jackson and Hackett (86) dairy goats
habituate faster with human presence and gentle handling with
regard to sheep that receive only neutral or aversive contact
with people in extensive systems, e.g., restraint, shearing, or
medication administration. This appears to support the findings
of Mattiello et al. (87) that ascribe the better and very close
relationship between the stock person and the animals in small
farms compared with large ones.
CONCLUSION
Although extensive systems of management provide appropriate
physical living conditions (e.g., resting area, natural shelters
from varying climatic extremes, and grazing area) where goats
can express natural behavior, disadvantages in terms of animal
welfare exist. Animal-based parameters provide information on
the care of farmers for animals. These results demonstrated
that the most common causes of further care were poor
hair coat condition, dirty hindquarters, thin BCS, abscesses,
and udder asymmetry, while other welfare problems are less
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represented such as severe lameness, oblivion, and nasal
discharge. In addition, an important and prevalent problem
in welfare identified across all farms was parasite infection.
Nutritional deficiency and the probable scarcity of quality
protein, together with sources of infection during stabling,
characterize coccidiosis and T. ovis infections, which directly
impact the quality of the hair coat and the body condition of
the animals. Therefore, these findings suggest for a need of
well-coordinated, sanitary monitoring of goat farms by field
veterinarians and dissemination of knowledge to animal handlers
and farmers to minimize the occurrence of infections. Overall,
the issues identified in this study can be treated or mitigated
by management practices. Also, it is recommended that protein
supplementation be used, which leads to resistance and resilience
of goats to GI parasite infections. While results in this study
may be more representative of welfare problems in large-scale
goat farms, the findings of this study are groundwork for future
research, providing valuable insight into the main welfare issues
likely to be encountered in extensive goat farming.
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Nenadović et al. Welfare of Extensively Managed Goats
26. Chikweto A, Tiwari K, Bhaiyat MI, Carloni J, Pashaian K, Pashaian A, et al.
Gastrointestinal parasites in small ruminants from Grenada, West Indies: a
coprological survey and a review of necropsy cases.Vet Parasitol Reg Stud Rep.
(2018) 13:130–4. doi: 10.1016/j.vprsr.2018.05.004
27. Kaur S, Singla LD, Sandhu BS, Bal MS, Kaur P. Coccidiosis in
goats: pathological observations on intestinal developmental stages and
anticoccidial efficacy of amprolim. Indian J Anim Res. (2019) 53:245–9.
doi: 10.18805/ijar.B-3471
28. Taylor M, Coop R, Wall R. Veterinary Parasitology. 3rd ed. Oxford: Blackwell
Publishing (2007).
29. Idika IK, Iheagwam CN, Ezemonye CN, Nwosu CO. Gastrointestinal
nematodes and body condition scores of goats slaughtered in Nsukka, Nigeria.
Niger Vet J. (2012) 33:440–7.
30. Bowman D. Georgis’ Parasitology for Veterinarians. 10th ed. St. Louis, MO:
Elsevier (2014).
31. Paul BT, Biu AA, Ahmed GM, Mohammed A, Philip MH, Jairus Y.
Point prevalence and intensity of gastrointestinal parasite ova/oocyst
and its association with Body Condition Score (BCS) of sheep and
goats in Maiduguri, Nigeria. J Adv Vet Parasitol. (2016) 3:81–8.
doi: 10.14737/journal.jap/2016/3.3.81.88
32. Zvinorova PI, Halimani TE, Muchadeyi FC, Matika O, Riggio V, Dzama K.
Prevalence and risk factors of gastrointestinal parasitic infections in goats in
low-input low-output farming systems in Zimbabwe. Small Rumin Res. (2016)
143:75–83. doi: 10.1016/j.smallrumres.2016.09.005
33. Sánchez CA, Becker DJ, Teitelbaum CS, Barriga P, Brown LM, Majewska
AA, et al. On the relationship between body condition and parasite infection
in wildlife: a review and meta-analysis. Ecol Lett. (2018) 21:1869–84.
doi: 10.1111/ele.13160
34. Moore J. Parasites and the Behavior of Animals. Oxford: Oxford University
Press (2002).
35. Graham AL, Shuker DM, Pollitt LC, Auld SK, Wilson AJ, Little
TJ. Fitness consequences of immune responses: strengthening the
empirical framework for ecoimmunology. Funct Ecol. (2011) 25:5–17.
doi: 10.1111/j.1365-2435.2010.01777.x
36. Rynkiewicz EC, Pedersen AB, Fenton A. An ecosystem approach to
understanding and managing within-host parasite community dynamics.
Trends Parasitol. (2015) 31:212–21. doi: 10.1016/j.pt.2015.02.005
37. Wang CR, Xiao JY, Chen AH, Chen J, Wang Y, Gao JF, et al. Prevalence of
coccidial infection in sheep and goats in northeastern China. Vet Parasitol.
(2010) 174:213–7. doi: 10.1016/j.vetpar.2010.08.026
38. Koudela B, Boková A. Coccidiosis in goats in Czech Republic. Vet Parasitol.
(1998) 76:261–7. doi: 10.1016/S0304-4017(97)00147-7
39. Silva LMR, Carrau T, Vila-Viçosa MJM, Musella V, Rinaldi L, Failing K, et al.
Analysis of potential risk factors of caprine coccidiosis. Vet Parasitol Reg Stud
Rep. (2020) 22:100458. doi: 10.1016/j.vprsr.2020.100458
40. Vasilková Z, Krupicer I, Legáth J, Kovalkovicova N, Petko B. Coccidiosis of
small ruminants in various regions of Slovakia. Acta Parasitol. (2004) 49:272–
5.
41. Szefer P, Nriagu JO. Mineral Components in Foods, Chemical and Functional
Properties of Food Components Series. Boca Raton, FL: CRC Press; Tylor and
Francis Group (2007). p. 163–95.
42. Wang CR, Qiu JH, Zhu XQ, Han XH, Ni HB, Zhao JP, et al. Survey of
helminths in adult sheep inHeilongjiang Province, People’s Republic of China.
Vet Parasitol. (2006) 140:378–82. doi: 10.1016/j.vetpar.2006.04.008
43. Umur S, Yukari BA. Seasonal activity of gastro-intestinal nematodes in goats
in Burdur region, Turkey. Turk J Vet Anim Sci. (2005) 29:441–8.
44. Babják M, Königová A, Urda-Dolinská M, Várady M. Gastrointestinal
helminth infections of dairy goats in Slovakia.Helminthologia. (2017) 54:211–
7. doi: 10.1515/helm-2017-0027
45. Ghimire TR, Bhattarai N. A survey of gastrointestinal parasites of goats
in a goat market in Kathmandu, Nepal. J Parasit Dis. (2019) 43:686–95.
doi: 10.1007/s12639-019-01148-w
46. Di Cerbo AR, Manfredi MT, Zanzani S, Stradiotto K. Gastrointestinal
infection in goat farms in Lombardy (Northern Italy): analysis on community
and spatial distribution of parasites. Small Rumin Res. (2010) 88:102–12.
doi: 10.1016/j.smallrumres.2009.12.017
47. Rabbi AKMA, Islam A, Anisuzzaman M, Majumder S, Rahman MH. Does
feeding system influence parasitism in Black Bengal Goats in Bangladesh?
Progress Agric. (2011) 22:85–95. doi: 10.3329/pa.v22i1-2.16470
48. Jittapalapong S, Saengow S, Pinyopanuwat N, Chimnoi W, Khachaeram W,
Stich RW. Gastrointestinal helminthic and protozoal infections of goats in
Satun, Thailand. J Trop Med Parasitol. (2012) 35:48–54.
49. Odermatt P, Lv S, Sayasone S. Less common parasitic infections in
Southeast Asia that can produce outbreaks. Adv Parasitol. (2010) 72:409–35.
doi: 10.1016/S0065-308X(10)72013-3
50. Dagnachew S, Amamute A, Temesgen W. Epidemiology of
gastrointestinal helminthiasis of small ruminants in selected sites of
North Gondar zone, Northwest Ethiopia. Ethiop Vet J. (2011) 15:57–68.
doi: 10.4314/evj.v15i2.67694
51. Attindehou S, Salifou S. Epidemiology of cestodes infections in sheep and
goats in Benin. Vet Res. (2012) 5:59–62.
52. Kumsa B, Tadese T, Sori T, Duguma R, Hussen B. Helminths of sheep and
goats in central Oromia (Ethiopia) during the dry season. J Anim Vet Adv.
(2011) 10:1845–9. doi: 10.3923/javaa.2011.1845.1849
53. Sharma DK, Paul S, Gururaj K. Gastrointestinal helminthic challenges in
sheep and goats in afro-asian region: a review. Anim Res. (2020) 10:1–18.
doi: 10.30954/2277-940X.01.2020.1
54. Scala A, Tamponi C, Dessì G, Sedda G, Sanna G, Carta S, et al.
Dicrocoeliosis in extensive sheep farms: a survey. Parasit Vect. (2019) 12:1–7.
doi: 10.1186/s13071-019-3609-2
55. Khanjari A, Bahonar A, Fallah S, Bagheri M, Alizadeh A, Fallah M, et al.
Prevalence of fasciolosis and dicrocoeliosis in slaughtered sheep and goats
in Amol Abattoir, Mazandaran, northern Iran. Asian Pac J Trop Dis. (2014)
4:120–4. doi: 10.1016/S2222-1808(14)60327-3
56. Godara R, Katoch R, Yadav A, Borah MK. Dicrocoeliosis in goats in Jammu,
India. J Parasit Dis. (2014) 38:201–4. doi: 10.1007/s12639-012-0212-2
57. Karki K, Bashir BK, Subedi JR. A case study on seasonal prevalence
of helminth parasites in goats (Capra hircus) in Kalanki (Khasibazzar),
Kathmandu Nepal. Bull Env Pharmacol Life Sci. (2012) 1:11–13.
58. Tan TK, Chandrawathani P, Low VL, Premaalatha B, Lee SC, Chua KH, et al.
Occurrence of gastro-intestinal parasites among small ruminants in Malaysia:
highlighting Dicrocoelium infection in goats. Trop Biomed. (2017) 34:963–9.
59. Usman AM, Malann YD, Babeker EA. Prevalence of Gastrointestinal parasitic
infections among ruminants animals slaughtered in Katagum abattoir of
Bauchi state, Nigeria. Int J Innov Res Adv Stud. (2016) 3:167–70.
60. Berrag B, Urquhart GM. Epidemiological aspects of lungworm
infections of goats in Morocco. Vet Parasitol. (1996) 61:81–95.
doi: 10.1016/0304-4017(95)00803-9
61. Adem J. Lung Worm Infection of Small Ruminant in Ethiopia. Worm
infection of small ruminant in Ethiopia.Adv Life Sci Technol. (2016) 43:12–22.
62. ParanMS, Dey AR, BegumN, HossainMS, AlamM. Prevalence of pulmonary
parasitic infection in goats of Mymensingh. BJVAS. (2015) 3:1–6.
63. Chakraborty S, Kumar A, Tiwari R, Rahal A, Malik Y, Dhama K, et al.
Advances in diagnosis of respiratory diseases of small ruminants.Vet Med Int.
(2014) p. 16. doi: 10.1155/2014/508304
64. Borji H, Azizzadeh M, Ebrahimi M, Asadpour M. Study on small ruminant
lungworms and associated risk factors in northeastern Iran. Asian Pac J Trop
Med. (2012) 5:853–6. doi: 10.1016/S1995-7645(12)60159-X
65. Kebede S, Menkir S, Desta M. On farm and Abattoir study of Lungworm
infection of small ruminants in selected areas of Dale District, Southern
Ethiopia. Int J Curr Microbiol App Sci. (2014) 3:1139–52.
66. Can E, Vieira A, Battini M,Mattiello S, Stilwell G. On-farmwelfare assessment
of dairy goat farms using animal-based indicators: the example of 30
commercial farms in Portugal. Acta Agric Scand A Anim Sci. (2016) 66:43–55.
doi: 10.1080/09064702.2016.1208267
67. Battini M, Peric T, Ajuda I, Vieira A, Grosso L, Barbieri S, et al.
Hair coat condition: a valid and reliable indicator for on-farm welfare
assessment in adult dairy goats. Small Rumin Res. (2015) 123:197–203.
doi: 10.1016/j.smallrumres.2014.12.009
68. Veit HP, McCarthy F, Friedericks J, Cashin M, Angert R. A surveyof goat, and
cattle diseases in the Artibonite Valley, Haiti, West Indies. Rev Elev Med Vet
Pays Trop. (1993) 46:27–38. doi: 10.19182/remvt.9377
Frontiers in Veterinary Science | www.frontiersin.org 12 August 2021 | Volume 8 | Article 678880
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85. Nenadović K, Karać P, Vučinić M, Teodorović R, Živanov D, Trailović R,
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